Abstract Hepatitis C virus (HCV) has reached epidemic proportions in rural Central Appalachia in recent years. We sought to identify demographic, behavioral, and interpersonal characteristics associated with HCV serostatus disclosure among high risk people who use drugs (PWUD) in Appalachian Kentucky. HCV antibodypositive participants (n = 243), drawn from the fifth follow-up assessment of a longitudinal study of rural PWUD, completed interviewer-administered questionnaires eliciting demographic and interpersonal characteristics, risk behaviors, and information about HCV disclosure. We assessed correlates of HCV disclosure using gender-stratified multivariate logistic regression. Participants reported having disclosed their HCV-positive status to a current sex partner (44.0%), family member (35.8%), close friend (9.5%), or past sex partner (6.6%). Of those reporting current (n = 72) or past (n = 215) injection drug use (IDU), only 2.8% disclosed to current and 0.9% disclosed to past IDU partners, respectively. Female participants were more likely than male participants to disclose to current sex partners and family member(s). In multivariate analyses, adjusting for time since testing HCV positive, older age and lifetime history of drug treatment were associated with decreased odds of HCV disclosure among females, while only lifetime history of drug treatment was associated with decreased odds of HCV disclosure among males. In summary, the almost complete absence of disclosure to current or former injection drug use partners was concerning. However, most participants (69.1%) reported disclosing their HCV status to at least one of their social referents, suggesting that family members, partners, and friends of people living with HCV could play a critical role in encouraging uptake of treatment. Although further research is warranted, it is clear that interventions are needed to encourage HCV disclosure among those most at risk of transmitting HCV.
Introduction
At least 3.5 million individuals (Edlin, Eckhardt, Shu, Holmberg, & Swan, 2015) are infected with hepatitis C virus (HCV) in the United States, making HCV the most common blood-borne infection in the United States. The Centers for Disease Control and Prevention (CDC) estimates that nearly 30,000 cases of acute HCV occurred in 2013 in the United States (CDC, 2015a, b) . Between 2006 and 2012, state surveillance data from Central Appalachia (which includes regions of Kentucky, Tennessee, Virginia, and West Virginia) demonstrated a 364% increase in the number of acute HCV infections among persons up to 30 years of age (Zibbell et al., 2015) . Among those cases of acute HCV in Central Appalachia with identified risks, injection drug use (IDU) was reported in almost three-fourths of cases (73%; Zibbell et al., 2015) . IDU is the leading means of HCV transmission in the United States (Edlin & Carden, 2006; Smith et al., 2013) . Despite the existence of national screening recommendations based on risk factors and birth cohort, a substantial proportion (40-85%) of HCV-positive individuals are unaware of their infection status (Smith et al., 2013) . One study found that 72% of HCV-positive persons who inject drugs (PWID) were unaware of their status (Hagan et al., 2006) . Individuals with both acute and chronic HCV infections are often asymptomatic (Alter, 2007; CDC, 2015a, b) and many never seek testing. The substantial lack of serostatus awareness among HCV-positive individuals places the partners of infected individuals, particularly those with whom they inject or share injection equipment, at risk of unwittingly acquiring HCV. Although highly successful curative treatments are available, these medications are often prohibitively expensive (Gritsenko & Hughes, 2015) and high risk populations (such as PWID) frequently lack access to health insurance or healthcare. Primary prevention of HCV infection thus remains an important public health approach to reducing morbidity, mortality, and the economic burden associated with HCV infection. Serostatus disclosure has been described as a cornerstone of primary prevention strategies related to human immunodeficiency virus (HIV) transmission between sexual partners (Przybyla et al., 2013; Tshweneagae, Oss, & Mgutshini, 2015) . HCV disclosure can similarly serve as an important preventive public health measure for HCV infection. Increased HCV disclosure could protect others against infection by facilitating avoidance of potential opportunities for HCV transmission, such as sharing intranasal or injection drug use equipment and sharing razors. Individuals who believe their injecting partner is HCV-positive are more likely to practice safer injecting habits (i.e., not inject with someone else's used needle or syringe; Hahn, Evans, Davidson, Lum, & Page, 2010) . Thus, disclosure of HCV may allow an infected individual's social contacts to make more informed decisions regarding risk behavior, potentially reducing HCV transmission.
While there have been numerous efforts to determine correlates of HIV disclosure (Camacho-Gonzalez et al., 2015; Przybyla et al., 2013; Sullivan, 2005; Tshweneagae et al., 2015) , fewer studies have investigated the factors associated with HCV disclosure. Studies examining the disclosure of HIV often focus on serostatus disclosure among sexual partners, but their findings may not be applicable to understanding HCV status disclosure given that sexual transmission of HCV is rare (Terrault et al., 2013) and percutaneous transmission through shared needles/ equipment among PWID is most common (CDC, 2015a, b; Edlin & Carden, 2006; Smith et al., 2013) . Similarly, HIV disclosure is legally mandated in many settings (Lehman et al., 2014) whereas HCV disclosure is not, suggesting that the factors impacting HIV disclosure may differ from those impacting HCV disclosure.
Social stigma surrounding disease status disclosure, particularly of infectious diseases perceived as being acquired through stigmatized risk behaviors, can adversely affect access to health care, employment, and social support (Crockett & Gifford, 2004) . HCV disclosure has been described as a complex and emotionally difficult endeavor, with fear of a negative reaction, rejection, or stigmatization cited as barriers to HCV-positive status disclosure (Crockett & Gifford, 2004; Fry & Bates, 2012) . If these barriers can be overcome and stigma in the community is reduced, HCV-positive status disclosure may yield access to social support that could facilitate entry into HCV treatment. The association between disclosure, social support, and treatment seeking has not been examined in the context of HCV, but research suggests that successful pre-treatment engagement in peer-based HCV groups is a key predictor of HCV treatment success (Sylvestre & Zweben, 2007) . Furthermore, peer support, in the form of collaborations between peer educators and medical providers, can effectively increase HCV assessment and treatment uptake by overcoming feelings of mistrust that HCV-infected individuals may have toward the medical system (Crawford & Bath, 2013) .
Much of the published research that references data on HCV disclosure has been conducted internationally, primarily among PWID in urban settings (Carruthers, 2005; Crockett & Gifford, 2004; Fry & Bates, 2012; Gyarmathy et al., 2011; Hopwood, Nakamura, & Treloar, 2010; McCreaddie, Lyons, Horsburgh, Miller, & Frew, 2011; Temple-Smith, Gifford, & StoovÚ , 2004; Wozniak, Prakash, Taylor, & Wild, 2007) , and most of these studies only briefly mention factors related to HCV disclosure rather than focusing on disclosure as the primary research outcome. Relatively little is known about factors that influence HCV-positive disclosure among high risk populations in rural settings. Appalachian Kentucky is an economically disadvantaged region suffering from mortality among young and middle-aged adults that is higher than many less developed countries (Murray, Kulkarni, & Ezzati, 2005) . Recently, annual increases in acute HCV incidence among young (B30 years) PWID in the United States have been at least twice as high in rural as urban jurisdictions (Suryaprasad et al., 2014) . The largest increases are in or nearby Appalachian counties (Suryaprasad et al., 2014) . When considered in combination with the recent significant increase in acute HCV infections among persons B30 years in Kentucky, Tennessee, Virginia, and West Virginia (Zibbell et al., 2015) , data suggest that Central Appalachia is currently an epicenter of HCV incidence in the United States. We conducted this analysis to identify demographic, behavioral, and interpersonal characteristics associated with HCV serostatus disclosure among rural, high risk people who use drugs (PWUD) in Appalachian Kentucky.
Methods

Study Design
We collected data from PWUD (n = 415) at their fifth follow-up assessment in the ongoing, longitudinal Social Networks among Appalachian People (SNAP) study. The goal of SNAP is to assess risk factors for HIV, HCV, and herpes among PWUD in the context of their social networks. Participants were recruited through respondent-driven sampling (Heckathorn, 1997 (Heckathorn, , 2002 between November 2008 and September 2010 from an Appalachian county in Eastern Kentucky (sampling details are explained in Young, Rudolph, Quillen, & Havens, 2014) . Respondent-driven sampling has been an effective technique for the recruitment of rural PWUD (Wang, Falck, Li, Rahman, & Carlson, 2007) .
Individuals eligible for study participation were at least 18 years old, resided in Appalachian Kentucky, and in the past 30 days had used prescription opioids, cocaine, heroin, or methamphetamine to get high. All participants provided signed documentation of informed consent. Participants completed interviewer-administered surveys and HCV testing approximately every 6 months. For the baseline assessment and the first three follow-up visits, trained study staff tested participants for antibodies to HCV using the Home Access test (Home Access Health Corporation, Hoffman Estates, IL), explained in detail elsewhere (Havens et al., 2013) . For all subsequent visits participants were tested using the OraQuick HCV rapid antibody test (Gao et al., 2014) . We provided all participants with their test results, either in person or by telephone, and pre-and posttest counseling was provided according to CDC guidelines (CDC, n.d.). Participants who tested positive for HCV received information about local healthcare resources for additional testing and treatment. The Institutional Review Board at the University of Kentucky approved all study protocols.
A total of 415 participants completed the fifth follow-up assessment; this sample represented 82.5% of the original sample and 90.6% of those eligible for follow-up (i.e., those who were neither deceased nor incarcerated outside of Kentucky, and who were willing to continue to participate in the study). Participants lost to follow-up were less likely to be unemployed (v 2 = 9.70, p = 0.002) than those retained, but otherwise did not differ from those remaining in the analysis in terms of demographic characteristics or HCV serostatus. For the fifth follow-up assessment (3.8-5.3 years since participant enrollment), we added questions to examine whether participants who had tested HCV antibody-positive at baseline or at any point during the study had disclosed their HCV-positive status to others. In total, 243 participants were asked, After testing positive (here-at this location) for hepatitis C did you tell (please check all that apply): [your current sex partner, past sex partners, current injection drug use partners (people you inject with), past injection drug use partners (people you injected with), family member(s), close friend(s), spouse (if married)].
To assess correlates of HCV disclosure, we created a dichotomous variable to indicate whether participants disclosed their HCV-positive status to anyone. Dichotomization was necessary because the limited number of participants disclosing to most of the identified person-type categories did not provide sufficient power to identify statistically significant differences in correlates of disclosure.
We obtained demographic, behavioral, and interpersonal data through interviewer-administered questionnaires. Demographic characteristics included gender, age (years), race, education, marital status, and unemployment. We also assessed lifetime history of IDU, lifetime history of drug treatment, and time (in years) since testing HCV positive. Drug treatment included methadone detoxification, methadone maintenance, Outpatient Drug Free, residential treatment, nonmethadone detoxification, and 12-step programs (Alcoholics Anonymous/Narcotics Anonymous). We computed time since testing positive for HCV by calculating the years elapsed between the 5th follow-up assessment (i.e., the date at which participants answered questions about HCV disclosure) and the date of their first positive HCV test; most participants (n = 187) received their first positive test during the SNAP study, but some (n = 56) who tested positive at the SNAP study baseline assessment also reported having tested positive for HCV previously and provided the month and year of the first positive test. For the latter group, we computed years elapsed since testing positive for HCV by calculating the difference in years between the 5th follow-up assessment and the reported month/year of the first positive test. Finally, to examine the impact of social isolation and/or problems surrounding social interaction on HCV disclosure, we examined interpersonal characteristics including whether the participants: were dependent on someone else for the majority of their support, spent most of their free time alone (rather than with family or friends), and had a lifetime history of experiencing serious problems getting along with others for significant periods of time. We assessed the latter interpersonal characteristic with the question, ''Have you had significant periods in which you have experienced serious problems getting along with your [mother, father, brothers/sisters, sexual partner/spouse, children, close friends, neighbors, coworkers] in your life?'' We dichotomized data to a negative response if participants denied serious problems with all specified social referents, and to an affirmative response if participants acknowledged serious problems with any of them. We referred to the resulting covariate as 'social conflict.'
Analysis
We used logistic regression to explore gender-stratified associations between HCV disclosure and demographic, behavioral, and interpersonal characteristics. We conducted gender-stratified analyses because previous research has identified gender differences in factors surrounding serostatus disclosure in both the HCV and HIV literature (Sullivan, 2005; Temple-Smith et al., 2004) . We conducted all analyses using SAS software, version 9.4 (SAS Institute, 2014). Covariates in the initial multivariate models included gender, age, race, education, marital status, unemployment, dependence on someone else for majority of support, lifetime history of IDU, spent most of free time alone, social conflict, lifetime history of drug treatment, and time since testing HCV positive. We derived the final models through manual backward elimination with a critical = 0.05; they included age, lifetime history of drug treatment, and time since testing HCV positive for females, and lifetime history of drug treatment and time since testing HCV positive for males.
We did not apply respondent-driven sampling weights to the data because rather than calculating population estimates of HCV disclosure, we focused on correlates of HCV disclosure in this sample of rural high risk PWUD. We assessed collinearity in both the full and final models using the %COLLIN_2011 macro (Zack, Singleton, Satterwhite, Delaney, & Wall, 2011) . Covariates did not exceed a condition index of 30 in either the full or final model, indicating that multicollinearity was not present in either multivariate model.
Results
Participant Characteristics
Participants (n = 243) were primarily male (57.2%), White (93.0%), and had at least a high school education (54.3%). The mean age was 33.8 years (range 20.5-56.5). Most (77.0%) tested HCV-positive for the first time within the SNAP study. The median time elapsed since testing HCV positive was 8.8 years (IQR 5.9) and 4.2 years (IQR 1.4) for participants who tested positive prior to entering the study and during the study, respectively; the overall mean time elapsed since testing HCV positive was 5.0 years (range 0.4-22.3). Demographic, behavioral, and interpersonal characteristics of the total sample and stratified by gender are presented in Table 1 .
HCV-Positive Status Disclosure and Correlates
Most participants (69.1%) reported disclosing their HCV-positive status to at least one of their social referents: most commonly to current sex partners (44.0%), family members (35.8%), close friend(s) (9.5%), or past sex partners (6.6%). Few participants disclosed to current IDU partners (2.8%, calculated among the 72 who reported injecting within the past 6 months), spouses (if married) (2.2%, calculated among the 46 who were married), or past IDU partners (0.9%, calculated within the 215 who reported ever injecting drugs). Female participants were more likely to disclose to current sex partners (v 2 p = 0.03) and family member(s) (v 2 p = 0.04) than male participants, but otherwise there were no significant differences in disclosure between genders.
We present results from gender-stratified unadjusted logistic regression analyses in Table 2 . We provide estimated, unadjusted odds ratios, 95% confidence intervals, and p values to show associations between covariates and HCV-positive status disclosure. Among females, a one year increase in age corresponded with an 8% reduction in the odds of disclosing HCV-positive status [odds ratio (OR) 0.92, 95% CI (0.87, 0.98)]. Female participants with a lifetime history of drug treatment had 62% lesser odds of disclosing their HCV-positive status than those with no history of drug treatment [OR 0.38, 95% CI (0.15, 0.97)]. Among men, lifetime histories of IDU and drug treatment were significantly associated with non-disclosure of HCVpositive status. In male participants, a lifetime history of IDU corresponded to a 79% reduction in the odds of disclosing HCV-positive status [OR 0.21, 95% CI Our final multivariate logistic regression models revealed different correlates of disclosure by gender. We retained time since testing HCV positive in the genderstratified final models to control for the effects of varying duration of serostatus 0.627 HCV hepatitis C virus, OR odds ratio, CI confidence interval * p \ 0.05; ** p \ 0.01 a Quasi-complete separation of the data related to race occurred among females due to the association of the covariate with only one outcome, leading to an infinite parameter estimate b Drug treatment includes methadone detoxification, methadone maintenance, Outpatient Drug Free, residential treatment, non-methadone detoxification, and 12-step programs (Alcoholics Anonymous/ Narcotics Anonymous) awareness (p = 0.50 and p = 0.40 among females and males, respectively). Among females (n = 104), adjusting for all other covariates in the model, age (p = 0.005) and lifetime history of drug treatment (p = 0.02) were independently associated with HCV-positive status disclosure. Holding all other covariates constant, a one year increase in age corresponded to a 9% reduction in the odds of disclosing HCVpositive status [AOR 0.91, 95% CI (0.86, 0.97)]. Female participants with a lifetime history of drug treatment had a 69% reduction in the odds of disclosing HCVpositive status relative to female participants with no history of drug treatment, adjusting for other covariates in the model (AOR 0.31, 95% CI (0.11, 0.85)]. Among males (n = 139), adjusting for time since testing HCV positive, lifetime history of drug treatment (p = 0.003) was independently associated with HCVpositive status disclosure. Holding all other covariates constant, a lifetime history of drug treatment in male participants corresponded to a 68% reduction in the odds of disclosing HCV-positive status compared to male participants without a history of drug treatment [AOR 0.32, 95% CI (0.15, 0.68)].
Discussion
We believe that our study is the first of its kind to assess demographic, behavioral, and interpersonal characteristics associated with HCV serostatus disclosure among rural PWUD. We found that nearly one-third (30.9%) of participants did not disclose their HCV-positive status to anyone. Among individuals who disclosed their serostatus, disclosure to social referents who are potentially at greatest risk for infection through percutaneous transmission was rare (3.8% among current, and 1.4% among past IDU partners, respectively). These numbers are alarmingly low given that, among those who seroconverted or became aware of their HCV seropositivity during the study, 72% reported having injected drugs and 40% reported having shared injection equipment (e.g., needles, syringes, cookers, cotton, or rinse water) in the past 6 months. The reasons for non-disclosure warrant further research and likely include fear of stigma, maintenance of personal privacy, and fatalism. Previous research has found that current PWID perceive HCV infection as inevitable and ubiquitous (Wozniak et al., 2007) ; this fatalistic attitude could engender ambivalence about the need for HCV disclosure (Rhodes et al., 2008) . In our study, older age was associated with decreased odds of HCV disclosure among women. An association between age and disclosure has previously been identified in the HIV literature (Emlet, 2006; Grodensky et al., 2015) , but not in the HCV literature. Prior research has found that older adults (C50 years old) were less likely to disclose HIV than younger adults (20-39 years old; Emlet, 2006) . Genderstratified analyses in this study revealed that age was associated with HCV disclosure only among women (p = 0.005). These data suggest that older women are less likely as a group to disclose their HCV-positive status than younger women, while age does not significantly influence male disclosure patterns. The reasons for this disparity are likely multifactorial, but may be related to a greater perception of social stigma surrounding drug use among older women compared to younger women or even men. A small, qualitative study of older (C50 years of age) HIV-positive women in the southeastern United States supports this hypothesis: the women reported being reluctant to disclose their status because they viewed it as more shameful at their older ages (Grodensky et al., 2015) . Further research is needed to explore factors surrounding hesitancy to disclose HCV status among older women in this rural setting.
In our study, a lifetime history of drug treatment was associated with decreased odds of HCV disclosure among men and women. The negative association between lifetime history of drug treatment and HCV disclosure has not been identified in previous literature, and was an unexpected and novel finding. Although the nearly threefold decrease in odds of disclosure among those with a lifetime history of drug treatment seems counterintuitive, it is possible that individuals whose drug treatment was court-ordered (as was the case in 52% with a lifetime history of drug treatment in the study) were more reluctant to disclose their HCV-positive status out of fear that it would be seen as an admission of prior or current drug use, which could violate their probation. Additionally, individuals who successfully completed drug treatment may have developed a new social identity related to abstinence, and might consider HCV disclosure irrelevant in their current social context. This finding suggests that interventions aimed at increasing HCV disclosure should partner with drug treatment providers to clarify misperceptions among patients of the potential consequences and benefits of disclosing one's HCV serostatus.
Although few participants disclosed their HCV serostatus to people with whom they were in risk relationships, most (69%) disclosed their HCV serostatus to someone, most often current sex partners, family members, or friends. These findings suggest that supportive family, friends, and partners of people living with HCV could have a pivotal role in encouraging the uptake of newer, efficacious direct acting antiviral treatments for HCV. Of note, in recent research among PWUD in Appalachian Kentucky, 87% expressed willingness to encourage their peers' enrollment in HCV vaccine clinical trial research (Young, Stephens, Khaleel, & Havens, 2015) . Although the promotion of HCV clinical trial research is different from that of HCV treatment, the study provides promising, preliminary evidence that peer-promotion of HCV treatment may be feasible. Research on the role of social support in encouraging uptake and adherence to new HCV treatment regimens is currently lacking. Given some evidence suggesting that peer support coupled with multidisciplinary care could facilitate engagement of PWUD in HCVrelated services (Grebely et al., 2010) , more research involving partners, family members, and friends of HCV-positive PWUD is needed to examine their awareness of HCV services and willingness to encourage uptake of HCV treatment. Further, to fully understand the feasibility and anticipate the possible impact of the peer-based promotion of HCV treatment, research exploring HCV-positive PWUD responsiveness to peer encouragement of treatment uptake is also needed.
This study has several limitations. Because the data we used were cross-sectional, inferences about causality or temporality are not possible. Second, the homogeneity of this rural, Appalachian sample may limit generalizability of the results to more diverse urban or rural populations. Third, behavioral and demographic data were self-reported and subject to recall and social desirability biases, as well as varying interpretations of question stems (i.e., the meaning of ''significant periods'' in the social conflict variable). Of note, HCV serostatus was not self-reported, which was a strength of the study. Fourth, as a result of the small sample size, the analysis may have lacked the statistical power to detect small differences among some of the covariates, potentially increasing the probability of a type II error. Fifth, any disclosures made by the 56 individuals who were aware of their HCV-positive serostatus before enrollment in the study were not accounted for, potentially leading to an underestimation of disclosure. However, when these 56 individuals were removed from the analyses, the results were nearly identical, with the exception that lifetime history of drug treatment was no longer associated with disclosure among women in multivariate analyses. Sixth, information about disclosure in particular relationships (such as duration of the relationship or frequency of interaction) was not available. However, it does not appear that the tendency to disclose to sex partners is related to frequency of contact, and on average participants reported injecting more frequently in the prior 30 days than having sex. Finally, serostatus in this study was based on HCV antibody rather than RNA testing; antibody testing does not necessarily correlate with active HCV infection. However, a prior random sample of HCV antibody-positive participants from the study cohort revealed that 69% were HCV RNA-positive (Young et al., 2012) , suggesting a high potential for transmission and reinforcing the importance of HCV disclosure, particularly to injection risk partners.
Despite these limitations, this study provides important insight into demographic, behavioral, and interpersonal correlates of HCV serostatus disclosure among high risk PWUD in rural Appalachia. Most striking was the almost complete absence of disclosure to current or former IDU partners, the social referents likely to be at highest risk of HCV infection given the efficiency of percutaneous transmission. Current posttest counseling guidelines for HCV testing do not mention disclosure (CDC, n.d.). Incorporating educational messages related to the importance of HCV disclosure into posttest counseling might help curtail the further spread of HCV. Findings from this study also suggest that messages targeted at older women should be prioritized since this group was identified as being especially hesitant to disclose HCV status. Partnering with drug treatment providers on interventions may represent another method to encourage HCV disclosure as a normative behavior among those most at risk of transmitting HCV.
